
Efficacy of Oral Propranolol on the Treatment of 
Retinopathy of Prematurity

Introduction
Premature birth is the cause of one-third of neonatal 
mortality, 45% of cerebral palsy, 35% of visual impairment, 
and 25% of behavioral or auditory impairment in American 
children (1). The retinopathy of prematurity (ROP), which 
was first described by Terry in 1942 as “Terry syndrome” 
(1), is the significant reason for blindness in childhood 
(2). The fetal retinal arteries begin to grow at 16 weeks 
of gestation and reach the nasal and temporal ora serrata 
at weeks 36 and 40, respectively. Hence, highly premature 
neonates have incomplete retinal arteries, which, in severe 
cases, can lead to visual impairment (1).

In recent years, due to advancements in neonatal 
care methods in intensive care units, ROP has become 
the prevalent reason for sight-threatening and ocular 
disabilities in surviving premature neonates so that its 
rates are estimated from 5% in developed countries to 
30% in developing countries (3). Approximately 400 cases 
of blindness and 4300 cases of severe retinal scarring 
due to premature retinopathy are annually estimated in 
the United States (4). The significant risk factors for the 
incidence and progression of premature retinopathy are 
preterm delivery particularly <32 weeks gestational age 

(GA) or birth weight (BW) less than 1500 g (5) so that 
more than 80% of ROP cases are in premature neonates 
with a weight less than 1000 g (3). Other risk factors 
include respiratory disorders, infection, heart diseases, 
bradycardia, transfusion, oxygen intake, duration of 
ventilation, and the like (3).

The vascular endothelial growth factor (VEGF) is the 
major factor in ROP pathophysiology. This is a pivotal 
mediator for the normal completion of retinal blood 
vessels. However, abnormally high VEGF levels in the 
retina and vitreous are primarily the main cause of 
developing ROP (6). ROP has two main development 
phases (7). In the first phase, VEGF levels decrease due 
to hyperoxic conditions following postnatal oxygenation 
occurring after the delivery, which leads to insufficient 
growth of retinal vessels. At the next phase, which is named 
as the proliferation phase and begins at about the 32nd 
week, VEGF levels start to increase due to the ischemic 
retina. VEGF may also increase other growth factors 
including insulin-like growth factor 1 (IGF-1) which, in 
turn, produces more VEGF through positive feedback 
(8). These conditions lead to the neovascularization of the 
retina and the creation of abnormal vessels that can cause 
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bleeding and subsequent problems, resulting in tractional 
retinal detachment (9).

ROP is usually asymptomatic, thus suspected neonates 
need screening. Based on the American Academy of 
Pediatrics guidelines, the recommended screening for ROP 
should be performed for neonates with a GA <30 weeks or 
BW <1500 g, as well as neonates with a BW 1500-2000 g 
or GA more than 30 weeks with inappropriate conditions 
such as those who need cardiorespiratory support or are at 
high risk for retinopathy according to the neonatologist’s 
diagnosis. Based on the GA, eye examinations should 
be performed between 31 and 33 weeks of GA or 4 and 
6 weeks after the delivery (9). The severity of ROP is 
classified into three zones and five stages (Table 1). 

Many stage-2 neonates recover without any treatment 
while more severe cases need treatment. Treatment at 
stage 3 will have a significant effect on visual prognosis, 
and failure to treat leads to the progression of the disease 
and even blindness (11). Extensive studies have so far 
been conducted in the field of diagnosis and treatment 
of the ROP. Recently, with the introduction of VEGF as 
a major mediator in the pathophysiology of the ROP, 
the intravitreal injection of anti-VEGF factors as an 
appropriate treatment has substituted destructive methods 
such as laser therapy (3,4).

Although new therapies have improved the prognosis 
of neonates with ROP, the rate of adverse outcomes is 
still high (12). Neonates need anesthesia in equipped 
and advanced centers. Considering the possibility of 
complications such as vitreous hemorrhage and corneal 
opacity in laser treatment, as well as the adverse outcomes 
of intravitreal anti-VEGF injection (including invasive 
treatment, cataract, endophthalmitis, and the like), less 
invasive, inexpensive, and affordable therapies have 
been emphasized in recent years. Recent studies have 
shown that the administration of oral propranolol may be 
effective in improving ROP by reducing VEGF and IGF-1 
levels (3,13).

Based on the hypothesis indicating that the 
administration of beta-blockers can reduce the expression 
of angioproliferative factors (including VEGF and IGF-
1) through beta-2 adrenoceptors blockage (13), the 
current study was designed to evaluate the preventive and 
therapeutic effects of oral propranolol in the management 
of ROP patients.

Materials and Methods
This double-blind, randomized controlled clinical trial 
(RCT) was performed for 12 months on preterm neonates 

admitted to Alzahra hospital in Tabriz, Iran. All premature 
neonates with a GA<30 weeks and a BW<1.250 gr 
underwent ophthalmological examination. Among them, 
patients with stage 1 or 2 ROP were included in the study 
after obtaining informed consent from their parents. On 
the other hand, patients with cardiovascular disease, ocular 
abnormalities, acute renal failure, cerebral hemorrhage, 
major congenital or chromosomal abnormalities, and 
hemodynamic instability were excluded from the study. 
During the study, patients were excluded in the case of 
side effects such as hypotension, bradycardia (<80 beats/
minute), and hypoglycemia (<40 mg/dL).

Among the premature neonates who were eligible for 
the study and whose ocular examination revealed the 
ROP, 58 cases were allocated to one of the two intervention 
or control groups using a random number table. It 
worth noting that all ophthalmological examinations 
were performed by a trained ophthalmologist who was 
not involved in the medical treatment of neonates and 
was unaware of the administered drugs. Neonates were 
grouped based on the administration of propranolol, and 
the nurse who was recording the patients’ information was 
unaware of the drug that was planned for administration 
and the grouping.

After identifying the patients, oral propranolol with a 
dose of 0.5 mg/kg every 8 hours was added to the standard 
treatment in the study group, and the second group 
only received the standard treatment. Oral propranolol 
treatment continued until the complete treatment of 
retinal perfusion, complete elimination of ROP, or 
maximally up to 90 days. In the propranolol group, blood 
sugar was measured before administration, one hour 
later, and then every 6 hours during the first 24 hours 
of treatment. For neonates who were receiving oxygen, 
pulse oximetry was performed during the treatment, and 
the oxygen level was adjusted in the range of 90%-95%. 
Daily blood pressure monitoring was performed as well. 
Every two weeks, liver tests and complete blood count 
were monitored, along with other neonatal examinations, 
and ophthalmoscopy was performed periodically once a 
week. After discharging the neonates, the occurrence of 
any problem such as cyanosis attacks, paleness or lethargy, 
and the lack of proper nutrition was followed up through 
telephone calls.

The two groups were compared in terms of the rate 

 ► The administration of oral propranolol can reduce the rate of ROP 
progression and the need for invasive treatments, and shortens the 
completion period of retinal vascularization in premature neonates 
with low BW. However, the benefits of prescribing should be 
weighed against the possible side effects.

Key Messages Table 1. The Five Stages of ROP Progression

Stage 1 Demarcation line

Stage 2 Ridge

Stage 3 Ridge with extraretinal fibrovascular proliferation

Stage 4A Extrafoveal retinal detachment

Stage 4B Partial retinal detachment including the fovea

Stage 5 Total retinal detachment

Note. ROP: Retinopathy of prematurity.

Source: Schachat et al (10).
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of improvement or progression to higher levels of ROP, 
the number of follow-up days until the recovery, and the 
need for invasive treatments including laser therapy and 
the intravitreal injection of Avastin, advanced surgical 
interventions, and subsequent vision problems. Data 
were analyzed using IBM SPSS software (version 13, 
SPSS, Chicago, IL). Descriptive statistical methods, non-
independent t-test, and Chi-square test were used to 
analyze the data, and a P<0.05 was considered statistically 
significant. 

Oral propranolol is a low-risk, inexpensive, and 
affordable drug with limited side effects. Before starting 
the research, written informed consent was taken 
from the parents of neonates and they were assured of 
voluntary participation and data confidentiality during 
the study implementation. In addition, no additional cost 
was imposed on the participants, and the participating 
neonates were not deprived of standard therapeutic 
interventions.

Results
In general, 58 neonates with ROP were included in this 
RCT. Neonates were divided into intervention and control 
groups. The two groups were not significantly different in 
terms of the GA, BW, APGAR score at birth and 5 minutes 
later, as well as maternal risk factors (e.g., diabetes, 
premature rupture of membranes, chorioamnionitis, 
hypertension, hypothyroidism, HELLP, and the like) and 
the treatments received before, during, and after the birth 
(Table 2). The mean age of ROP diagnosis in the patients 
of the intervention and control groups was 47.27±1091 
and 50.86±16.40 days, respectively (P = 0.233). Moreover, 
the mean neonatal weight at the time of diagnosing ROP 
in the patients of the intervention and control groups 
was 1529.68±388.16 and 1614.09±180.24, respectively, 
representing no statistically significant difference between 
the two groups (P = 0.824). In the intervention group, 
13 (44.9%) and 16 (55.1%) patients were in stages 1 and 
2 of the disease, respectively, while these values were 14 
(48.2%) and 15 (51.8%) for the control group, respectively 
(P = 0.217). The characteristics of patients with ROP are 
described in Table 3. As shown, the two groups were not 
significantly different in terms of the disease severity.

The youngest and oldest participants were 28 and 
57 days. Further, the mean duration of propranolol 
administration in the intervention group was 20.89±12.44 
days. At the end of the study, the progression from stage 
1 to 2 and stage 2 to 3 ROP was observed in 5 (35.7%) 
and 9 (60.0%) cases in the control group, as well as 2 
(15.38%) and 2 (12.5%) patients in the intervention group 
(P = 0.001, 0.009), respectively. According to the results, 
the progression rate of ROP in the intervention group was 
significantly lower compared to the control group so that 
the overall progression to a higher stage was nearly 48.3% 
in the control group while it was 13.8% in the intervention 
group (Table 4). Finally, 17 patients needed ophthalmic 

surgical intervention to treat the ROP, of which 4 (13.8%) 
cases were in the intervention group (two laser therapy 
and two intravitreal Avastin injection cases) and 13 
(44.8%) of them belonged to the control group including 
eight laser therapy and five intravitreal Avastin injection 
cases (P = 0.001). 

In the subgroup analysis, the participants were divided 
into two groups including those receiving definitive 
ophthalmic surgical intervention for ROP (laser therapy 
or intravitreal Avastin injection, n=17) and those who 
improved without receiving treatment (n=41). Then, the 
frequency of other received treatments in these two groups 
was compared (Table 5) and no significant difference 
was found between the two groups in this regard except 
for receiving cell packs. Based on the results (Table 5), 
17 (100%) patients receiving the ophthalmic surgical 
intervention compared to 31 (75.6%) recovered patients 
needed pack cell (P = 0.025).

Concerning the evaluation of the side effects, only one 
26-week-old infant in the intervention group developed 
bradycardia, thus the administration of propranolol 
was immediately stopped and the neonate was excluded 
from the study. The mean duration of hospitalization 
for intervention and control groups was 43.33 ± 17.11 
and 45.03 ± 14.33 days, respectively, and there was no 
statistically significant difference between the two groups 
(P = 0.203). Additionally, the mean age of neonates at 
the time of retinal artery completion in the intervention 
and control groups was 91.40 ± 22.16 and 128.08 ± 89.79 
days, respectively, indicating no statistically significant 
difference between the two groups (P = 0.136).

Eventually, 28 (96.6%) patients of the intervention group 
were discharged, and one (3.4%) patient was referred to 
the pediatrics hospital. In the control group, 27 (93.1%) 
patients were discharged, one (3.4%) case died, and one 
patient (3.4%) was referred to the pediatric hospital. 
Nevertheless, no statistically significant difference was 
observed between the two groups (P = 0.601).

Discussion
Recent studies have shown that the levels of vascular 
growth factors, including VEGF, are lower in mice with 
retinopathy treated with propranolol (8). So far, various 
studies have focused on the role of beta-blockers in 
improving retinal neovascularization in animal models 
(8,14,15). Its proposed mechanism is the blockade of 
beta-2 adrenoceptors on Müller cells (16). The efficacy 
of propranolol in preventing angiogenesis is proved in 
animal models in choroidal neovascularization (14). In 
recent decades, propranolol administration has been 
expanded to many neonatal vascular problems (17), 
and accidentally, it has been observed that it can reduce 
the incidence and progression of ROP in neonatal 
hemangiomas (18) and the possible mechanism is through 
the inhibition of VEGF expression (19). Previous research 
has also reported a positive association between the 
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Table 2. Demographic Findings and Frequency of Other Received Treatments by Patients in the 2 Study Group

Intervention Group (n=29) Control Group (n=29) Statistical Test P-value

Gestational age (w) 27.62 ± 1.54 28.03 ± 1.65 Independent t test 0.330

Birth weight (g) 981.03 ± 222.33 1066.03 ± 229.36 Independent t test 0.157

APGAR score 5.51 ± 2.06 5.00 ± 2.13 Independent t test 0.353

APGAR score 5 minutes later 7.41 ± 1.91 7.13 ± 1.55 Independent t test 0.550

Neonatal resuscitation at birth Chi-square

Initial steps 26 (89.7) 27 (93.1) 0.640

Positive pressure ventilation 18 (62.1) 21 (72.4) 0.401

Intubation 5 (17.2) 6 (20.7) 0.738

Cardiac massage 0 0 -

Drugs administration 0 0 -

Maternal risk factors Chi-square

No risk factor 16 (55.2) 22 (75.9) 0.067

DM 1 (3.4) 1 (3.4) 0.980

PROM 3 (10.3) 1 (3.4) 0.217

Chorioamnionitis 0 0 -

HTN 3 (10.3) 4 (13.8) 0.109

Hypothyroidism 5 (17.2) 1 (3.4) 0.088

HELLP 1 (3.4) 0 0.780

Steroid administration before birth
Number of administrations

20 (68.96)
1.70 ± 0.47

13 (44.8)
1.46 ± 0.51

Chi-square
Independent t test

0.055
0.193

Surfactant administration 26 (89.65) 24 (2.75) Chi-square 0.416

Survanta 6 (20.68) 12 (41.37) 0.231

Curofurf 11 (37.93) 5 (17.24) 0.108

Bles 9 (31.03) 7 (24.13) 0.310

Mechanical ventilation 6 (20.68) 5 (17.2) Chi-square 0.738

Duration (days) 6.65 ± 4.49 6.60 ± 5.45 Independent t test 0.974

Maximum PIP 19.58 ± 2.67 20.91 ± 2.84 Independent t test 0.217

CPAP 29 (100) 29 (100) Chi-square -

Duration (days) 8.34 ± 4.54 7.06 ± 5.18 Independent t test 0.323

NIPPV 6 (20.7) 5 (17.2) Chi-square 0.738
0.332Duration (days) 9.00 ± 7.18 5.60 ± 3.20 Independent t test

HFNC 29 (100) 29 (100) Chi-square -

Duration (days) 13.44 ± 11.32 12.55 ± 10.33 Independent t test 0.754

Duration of oxygen therapy (days) 21.00 ± 22.00 16.60 ± 15.64 Independent t-test 0.708

BPD 27 (93.1) 24 (82.8) Chi-square 0.227

Pack cell 26 (89.7) 22 (75.9) Chi-square 0.164

Neonatal age at ROP diagnosis (w) 47.27 ± 10.91 50.86 ± 16.40 Independent t test 0.233

Neonatal weight at ROP diagnosis (gr) 1529.68 ± 388.16 1614.09 ± 180.24 Independent t-test 0.824

Note. DM: Diabetes mellitus; PROM: Prelabor rupture of membrane; HTN: Hypertension; HELLP: High flow nasal cannula; PIP: Peak inspiratory pressure; CPAP: 
Continuous positive airway pressure; NIPPV: Nasal intermittent positive pressure ventilation; HFNC: High flow nasal cannula; BPD: Bronchopulmonary dysplasia; 
ROP: Retinopathy of prematurity.
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growth of neonatal hemangiomas and the development 
of ROP (20), implying the hypothesis that propranolol 
can play a role in the treatment of ROP by affecting the 
retinal neovascularization process. On the other hand, 
neonates and infants well-tolerate the propranolol 
although, in preterm neonates who are at an increased risk 
of sepsis, apnea, and bronchopulmonary dysplasia, it can 
lead to serious complications (21) such as hypotension, 
bradycardia, bronchial obstruction, and hypoglycemia 
(22), most of which are dose-dependent (23).

Table 3. Characteristics of ROP Involvement in Study Patients (Chi-square)

Intervention 
Group (n=29)

Control Group 
(n=29)

P Value

ROP stage

0.2171 13 (44.9) 14 (48.2)

2 16 (55.1) 15 (51.8)

ROP zone

0.101
1 2 (6.9) 0

2 27 (93.1) 29 (100)

3 0 0

Involved eye

0.183
Right 11 (37.9) 12 (42.8)

Left 14 (48.2) 12 (42.8)

Bilateral 4 (13.9) 5 (14.4)

Note. ROP: Retinopathy of prematurity.

Table 4. Rate of ROP Progression in the Two Study Groups

Intervention Group (n=29) Control Group (n=29) P Value RR (95% CI) RRR (%)

Stage 1 – 2 ROP progression 2 (15.38) 5 (35.7) 0.001 - 100

Stage 2 – 3 ROP progression 2 (12.5) 9 (60.0) 0.009 0.416 (0.31-0.58) 60

Note. ROP: Retinopathy of prematurity; RR: Risk ratio; RRR: Relative reduction of risk; CI: Confidence interval.

Table 5. Frequency of Other Treatments in Comparison Between the Group Receiving the Surgical Ophthalmic Intervention (Laser Therapy or Intravitreal Avastin 
Injection) and Without Ophthalmic Intervention

Treated Patients (n=17) Untreated Patients (n=41) Statistical Test P Value

Steroid administration before birth 9 (52.9) 24 (58.5) Chi-square 0.695

Number of administration 1.55±0.52 1.62±0.49 Independent t test 0.726

Surfactant administration 12 (70.58) 38 (92.68) Chi-square 0.131

Survanta 5 (41.7) 11 (28.9) 0.130

Curofurf 6 (50.0) 12 (31.6) 0.143

Bles 1 (8.3) 15 (39.5) 0.133

Mechanical ventilation 4 (23.5) 25 (61.0) Chi-square 0.258

Duration (days) 8.61±4.92 5.60±4.46 Independent t test 0.064

Maximum PIP 20.36±3.10 20.00±2.63 Independent t test 0.739

CPAP 17 (100) 41 (100) Chi-square -

Duration (days) 8.82±5.39 7.24±4.63 Independent t test 0.265

NIPPV 2 (11.8) 9 (22) Chi-square 0.368

Duration (days) 7.00±7.07 7.55±5.91 Independent t test 0.909

HFNC 17 (100) 41 (100) Chi-square -

Duration (days) 10.41±6.64 8.71±4.92 Independent t test 0.075

Duration of oxygen therapy 24.00±28.46 16.14±12.00 Independent t test 0.529

BPD 16 (94.1) 35 (85.4) Chi-square 0.352

Pack cell 17 (100) 31 (75.6) Chi-square 0.025

Note. PIP: Peak inspiratory pressure; CPAP: Continuous positive airway pressure; NIPPV: Nasal intermittent positive pressure ventilation; HFNC: High flow nasal 
cannula; BPD: Bronchopulmonary dysplasia.

According to our results, the rate of ROP progression 
in the intervention group was significantly lower than 
that of the control group. Filippi et al, in a study on the 
administration of propranolol to treat ROP, reported that 
the use of oral propranolol can reduce the progression of 
the disease to stage 3 and stage 3 + plus, and found that 
the need for treatment with intravitreal Bevacizumab 
injection was significantly lower. They further concluded 
that 19% of patients developed some side effects including 
hypotension and bradycardia (22). In another study, they 
evaluated the efficacy of propranolol in preterm neonates 
and indicated that neonates in the intervention group 
had less progress toward stage 3 ROP and needed less 
laser treatment or intravitreal injection (17). Makhoul et 
al also showed that the administration of propranolol to 
treat preterm neonates could reduce the need for invasive 
treatment in patients with ROP although it was not useful 
in preventing ROP (24).

Korkmaz et al demonstrated that the administration 
of propranolol in patients with stage 2 retinopathy 
significantly reduced the need for laser therapy, but there 
was no difference in the higher stages of retinopathy 
(25). Meanwhile, Ozturk and Korkmaz reported that 
propranolol administration in neonates with stage 2 
retinopathy was effective in preventing progression to 
higher levels although it was not effective in reducing the 
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risk of ROP in stages 0 and 1 (26). Based on the results of 
Bührer et al, the prophylaxis administration of propranolol 
did not lead to any difference in the risk of developing 
ROP in the neonates of the intervention group (27).

It is noteworthy that the probable administration 
of high oxygen saturation in preterm patients for 
maintaining sagging in the target range was the reason for 
increasing the ROP stage in the above-mentioned studies. 
The findings of another study revealed that reducing 
the oxygen saturation range in preterm neonates to less 
than 89% for decreasing the incidence of ROP can lead 
to increased hospitalization and neonatal mortality (28). 
In our study, oxygen saturation was set at 90-95% in both 
groups.

Although the results of the current study showed that 
propranolol administration shortened the completion 
period of retinal vascularization, there was no statistically 
significant difference between the two groups, which may 
be due to the small sample size of the current study, which 
contradicts the findings of Filippi et al (17).

In the present study, one patient developed adverse 
events, which led to the discontinuation of propranolol 
treatment while Makhoul et al and Bancalari et al reported 
no side effect in separate studies (24, 29). On the other 
hand, in the study by Filippi et al (22), 5 patients (out of 
26) presented side effects, which probably is due to the use 
of a higher dose of propranolol compared to the present 
study. Therefore, this study introduces 0.5 mg/kg oral 
propranolol three times daily as an approximately safe 
dose for neonates although careful consideration of the 
possible side effects is strongly recommended as well.

The limited number of patients, due to strict inclusion 
and exclusion criteria could be a shortcoming of our study. 
Thus, we recommend more multicenter randomized 
controlled clinical trials with longer times of follow-up 
and larger cases to evaluate the efficacy of oral propranolol 
on the treatment of ROP as opposed to the standard 
treatment.

Regarding the numerous side effects of the systemic use 
of beta-blockers, it is recommended that future studies 
investigate different methods of using beta-blockers 
(topical and systemic) in patients with ROP in terms of 
therapeutic efficacy and side effects. It is also suggested 
that other studies evaluate the serum levels of VEGF, IGF-
1, and E-selectin in patients with ROP treated with beta-
blockers and compare them with the control group to 
investigate possible mechanisms of the drug effects.

Conclusions
According to the results, propranolol can reduce the rate 
of ROP progression to higher stages in premature neonates 
with low BW and thus the need for invasive treatments 
such as Avastin injection, laser therapy, and vitrectomy. 
Furthermore, it shortens the completion period of retinal 
vascularization. Although propranolol can slow down 
the progression to higher stages, the administration of 

standard treatments (i.e., laser therapy or intraocular 
injection of Avastin) should not be delayed because of this 
finding.
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